Over the last nearly 100 years, Systems Engineering principles, methods and tools evolved from several engineering related disciplines. The university's Department of Engineering Management, Systems, and Technology, teaches their Management of Engineering Systems course, modeled on the Systems Engineering Body of Knowledge (SEBoK). This body of knowledge is wiki based, making it easy to navigate. The SEBok is designed to provide an overview of the material, with multiple references for accessing additional content and depth of material. However, the SEBoK is not designed for Masters students, who have little to no background in the SEBoK to easily learn or apply the material. The author has incorporated multiple educational strategies into a Systems Engineering course including: 1) informationproviding lectures, 2) inquiry-oriented case studies, 3) active or performance-based active learning exercises, 4) cooperative team-based system design, 5) creativity-inducing methods based application of systems engineering tools. Central to several of the strategies was to adapt a healthcare case study from the author's prior process and systems improvement work experience, to guide the students to better understand, synthesize and apply systems engineering. The case study supports the inquiry-oriented, active learning and case study pedagogies, helping students to learn by seeing examples of the application of the materials to real-world problems. In this paper, we will describe some of the tools and activities that were used to design a women's healthcare center for providing healthcare services in a one-stop, spa-like environment. The case study was used to help students learn and apply systems engineering tools and methods.
organizational communication, capturing every-changing needs of customers, and overall complexity, to name just a few.
Three organizations have developed the Systems Engineering Body of Knowledge (SEBoK), namely, the International Council on Systems Engineering (INCOSE), the Institute of Electrical and Electronic Engineers Computer Society (IEEE-CS), and the Systems Engineering Research Center (SERC). The first version was published in 2010. This body of knowledge represents "… a widely accepted, community-based and regularly updated baseline of systems engineering (SE) knowledge" (SEBok). The university's Department of Engineering Management, Systems, and Technology, in the School of Engineering teaches their Management of Engineering Systems, modeled on this SEBoK. This body of knowledge is wiki based, making it easy to navigate. The online SEBok is designed to provide an overview of the material, and includes multiple references for accessing additional content and depth of material. The SEBoK does not meet the needs of engineering management masters students, who have little to no background in the SEBoK, to easily learn and apply the material. Like many bodies of knowledge, the material provides a cursory understanding of the material, assuming that the reader has an extensive prior knowledge and experience within the knowledge base. A key learning objective of the course is to be able to synthesize and apply the systems engineering methods and tools to a real-world system design project. To achieve this goal, the author has adapted a healthcare case study from the author's prior process and systems improvement work experience, to guide the students to better understand, synthesize and apply systems engineering. The case study is aligned to the Vee Life Cycle model, and teaches principles and tools in each of the following phases: Concept of Operations; Requirements and Architecture; Detailed Design; Implementation, Integration, Test and Verification; System Verification and Validation; Operation and Maintenance. The case study supports the active learning and case study pedagogies, helping students to learn by seeing examples of the application of the materials to real-world problems.
Teaching Methods and Case Study Pedagogy:
Teaching methods are techniques that help motivate students to do what they need to do to learn course material. Gentile (2016) categorized teaching methods into the following types: 1) information-providing, 2) inquiry-oriented, 3) active or performance-based, 4) cooperative, 5) mastery-based and 6) creativity-inducing. Each method will be briefly discussed. 1) Information-providing type of learning typically uses lecture and demonstrations to convey information (Gentile, 2016) . 2) Inquiry-oriented methods of learning encourage the student to examine and search the information to discover the truth. It includes using case studies to encourage the higher level learning (Gentile, 2016) . 3) Active or performance-based methods encourage the students to be actively involved with and participate in their learning. Active learning is designed to have the student practice the application of the material while they are coached and provided feedback from the instructor (Gentile, 2016) . 4) Cooperative methods are active learning techniques designed to teach collaborative skills (Gentile, 2016) . 5) Masterybased methods are focused on providing a minimum mastery of the information. Finally, 6) creativity-inducing methods include brainstorming and other techniques that encourage the student to think differently to come up with different and creative ideas (Gentile, 2016) . All of these methods are probably best applied when used with several or all of the methods together to enhance learning.
Case studies are descriptions of real-world examples that can be used in the classroom to help the students apply the principles, methods and tools of the course material (Carroll and Rosson, 2006) Developing and using case studies to enhance higher level learning in engineering education is part of the active learning pedagogy (Yin, 2009) . Active learning engages students in higher order thinking assignments (Bonwell & Eison, 1991) . The case study can help integrate practice with theory (Swart, 2009 (Swart, , 2010 (Hunt, 2012) . Case studies promote critical thinking (Popil, 2011) . They have the potential to reveal rich contextual findings of a personal, social, and pedagogical nature, that cannot easily be obtained by other methods (Miller, 1997) .
Methodology and Educational Learning Strategies:
This section describes the educational learning strategies applied in a graduate-level engineering management systems engineering course that included the following methods: 1) informationproviding lectures, 2) inquiry-oriented case studies, 3) active or performance-based active learning exercises, 4) cooperative team-based system design, 5) creativity-inducing methods based application of systems engineering tools.
1) Information-providing lectures:
Traditional lecture PowerPoint presentations were developed for the course material, and provided to the students prior to the classroom presentations. The lecture time was kept to a minimum, and interspersed with the case study and active learning exercises.
2) Inquiry-oriented case studies:
The healthcare case study was used to provide a real-world example of how the systems engineering principles, methodology and tools could be applied. Additional detail and examples of the case study, as well as an assessment of the case study's effectiveness are provided in the Case Study section.
3) Active or performance-based active learning exercises:
The instructor integrated active learning exercises into each classroom session within the prepared lecture materials. The students worked together in teams on the exercises, that enabled the use and practice of the systems engineering principles and tools. Examples of active learning exercises follow.
Active Learning Exercise Example 1: What is a System? Principle being applied: Definition of a system and types of systems.
Exercise A: What is a system, in your own words… Exercise B: Service and Service Systems  A service system is one that provides outcomes for a user without necessarily delivering hardware or software products to the service supplier.  Discussion: Provide examples of a service system 4) Cooperative team-based system design:
The culminating assignment that was worth 30% of the course grade included a team-based system design project. The students were able to select a system to design, where they had to apply the systems engineering principles, methods and tools framework, shown in Figure 2 . Both the case study and the system design project followed this framework. The System Design and Research Project included the design of a system, and application of the methods, tools and principles learned in the course. The students could design any type of product or service system that would show the use of the tools identified in the instructor's System Engineering Methodology, Activities & Tools Framework. They were to create the concept, requirements, architecture and design, and also develop sample integration, test, verification and validation, operation and maintenance sample deliverables. The students were to first research the literature for their chosen system, to understand the design concepts, to make their system design as realistic as possible. The design should be grounded by the available research and case studies. The students should reference any materials that they used within their report, using a consistent citation format. If they leveraged other resources, such as subject matter experts, they were also to provide a reference and acknowledgement of their expertise and help.
5) Creativity-inducing methods based application of systems engineering tools.
Many of the systems engineering tools encouraged and enabled creativity inherent in the tool. Examples of tools that helped the students generate creative solutions were: Pugh Concept Selection Technique (Pugh, 1991) , Quality Function Deployment (Akao, 1990) ; process scenarios (TOGAF, 2011); business/customer and systems requirements analysis; and the process architecture map developed in part by the author. The Pugh Concept Selection technique is a simple tool that allows the students to generate alternative system design concepts, and then compare and select the best design based upon the multiple decision criteria. It uses brainstorming to generate the alternative design concepts. Quality Function Deployment (QFD) is a tool that is used to ensure that the customers' desired requirements are met through the proposed technical or system requirements. Process scenarios are used to brainstorm possible ways that the system will be used, and the processes associated with them. This tool is an excellent creativity tool to design the best processes to meet the customers' and systems requirements. The process architecture map combines the traditional process map with an information architecture. This helps to extract the information and knowledge that will be used with the future state processes for the system that is designed.
Vee Phase

Activities
Tools Principles The case study was an integral learning strategy applied within the systems engineering course. It enabled the inquiry-oriented method, the active learning exercises, the cooperative team-based system design, and creativity-inducing methods. We will describe the case study in more detail with examples of the application of some of the tools. We will then provide an assessment of its effectiveness in helping the students learn, synthesize, and apply the materials.
Case Study Overview:
A healthcare case study was used as a guiding example of how to apply the systems engineering methodology and tools taught in the course. The students then had a semester-long project where they designed their own system by applying the same method and tools. The case study described how the systems engineering methods and tools were used to design a women's healthcare facility and the processes performed to provide the women's services. Many outpatient facilities are focusing on providing comprehensive services to women in a comfortable setting. In a qualitative study of women who had received a mammogram in the prior three years, without a history of cancer, satisfaction was related to the entire experience, not just the actual mammogram procedure. The authors of the described study found seven satisfaction themes from the focus groups: (1) appointment scheduling, (2) facility, (3) general exam, (4) embarrassment, (5) exam discomfort/pain, (6) treatment by the technologist, and (7) reporting results (Engelman, Cizik and Ellerbeck, 2005) . This supports the focus of designing a seamless experience for women in the Women's Center through applying the systems engineering methodology, tools, and principles.
The systems engineering Vee system design methodology was used to organize the case study, and help the students learn the methodology (SEBok). The following phases included:
The principles and tools applied in each phase are shown in Figure 1 -Systems Engineering Methodology, Activities & Tools Framework. This was developed by the author based on the Vee model phases.
The complete case study consisted of the application of the systems engineering design activities, tools and principles taught in the course. The students were expected to use the systems engineering framework to design their own system. The case study report was quite extensive and consisted of 69, single spaced pages, with figures of the tools. The instructor also provided a detailed PowerPoint presentation that she presented to the class across multiple sessions.
Select active learning exercises within the first four phases of the Vee Model will be discussed next.
Concept of Operations Phase 1:
The Concept of Operations Phase is the first phase in the Systems Engineering Vee Life Cycle Model (SEBoK). The purpose of the phase is to perform an analysis of the mission and define its strategic goals.
One of the tools is to perform a value gap analysis of the proposed internal functions that a system could provide, to identify the system's mission. The healthcare value gap analysis is shown in figure 2 . This helped the students understand how to apply this tool. Based on this exercise, a sample student value gap analysis for their light rail system is shown in figure 3 . The students effectively identified the value criteria to assess the current and future state, and the gaps that would define the need for the system. The Requirements and Architecture phase of the lifecycle model is designed to gain information on the voice of the customer (VOC) to understand the needs of the customers and begin translating those customer requirements into the system's technical elements.
Criteria
Use case diagrams are used to help generate customer requirements. A use case diagram for the case study is shown in figure 4 and the student's sample is shown in figure 5 . The students' use case diagram demonstrated the understanding and ability to apply the tool. They identified appropriate use case scenarios in verb-noun format, and identified the actors that performed the scenarios. This was a more difficult tool that the students struggled with, until they saw the healthcare case study example. The main purpose of the Detailed Design phase is to develop the detailed system design. The phase is also focused on understanding the factors that contribute to an efficient process and the potential root causes of inefficiencies so they are reduced or eliminated.
An important tool used in the design phase is a risk analysis. The healthcare risk analysis for the case study is shown in figure 6 and the student's sample risk analysis is shown in figure 6 . The student example shows understanding and the ability to apply the risk analysis tool to their specific system that they are designing. Some of the other student teams struggled to differentiation between the risk event and the outcomes, but this team demonstrated a clear distinction between the elements of the risk analysis. The purpose of the integration, test and verification phase is to pilot and/or implement the new system and assess whether the system is capable of meeting the desired requirements. An n-squared diagram defines the system elements and how they interface. The case study nsquared diagram is shown in figure 8 , and the student's example is shown in figure 9. The students' n-squared diagram demonstrated understanding and the ability to apply the tool to their own system that they were designing for the course. They effectively defined how the pairs of system elements interacted, which is the goal of the n-squared diagram. Q9: I learned a great deal from this course. Q10: I would recommend this course to other students. Q11: I would recommend this instructor to other students.
Risk
A Likert agreement rating scale was used, from 1 -Strongly Disagree, to 5-Strongly Agree. Questions 8 and 9 best assessed the students' learning and these received high ratings of 4.7 and 4.6 respectively. Conclusions:
The case study was very successful in enhancing the students' learning and application of the systems engineering tools and methodology, and in understanding the system design project's assignment expectations, as the case study survey results showed in the earlier section. The instructor assessed the students' ability to demonstrate knowledge of the systems engineering methodology and tools by performing active learning exercises and designing a system. They used the healthcare case study as a guide, and were effective in applying the tools and designing their own system based on using the healthcare case study as a guide. The University's Student Evaluation of Teaching (SET) survey results for this course were also high, demonstrating that the students believed that they learned the systems engineering material. The students also provided some constructive feedback that can help the instructor improve the case study for the future semesters.
Future Work:
The instructor can enhance the case study based on the results of the students' feedback from the fall semester. PowerPoint shows for a light rail system case study were developed by a former instructor. This material was used by the students as another example of use of some of the tools learned in the class. However, it lacked the comprehensive suite of tools that were applied in the healthcare case study and in the students' system design projects. The instructor can develop the remaining tools for this additional case study example, so that the students will have a different type of case study at their disposal to use as a learning strategy. Additionally, the instructor can research additional instructional strategies that may help the students more easily learn and apply the systems engineering principles. Since the theoretical principles can be more difficult because of their conceptual nature, the case study may not be the best method to enhance the theoretical principles learning.
